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A non-linear study on the mechanical-shock fragility of stacked products

Takamasa NAKAJIMA®, Katsuhiko SAITO™, Masayoshi KUBO** and Yoshiharu TERAGISHI*

In order to evaluate the fragility of product exactly, we studied on the fragility of stacked
products by using 2 kinds of non-linear models. The main results obtained are as follows.

(1) In the case that products are damaged by shock load, the lower product is more fragile. And
in the case that they are damaged by acceleration, the position of the damaged product depends
on the shock pulse.

(2) If a second peak or a third peak appear on the shock response by rectangular shock pulse, the
shock spectrum and the damage boundary curve take the form of stairs.

(3) Critical acceleration that would be evaluated by the shock fragility test will fluctuate, unless
velocity change is determined by criteria such as the drop height in the transportation.

(4) If there is a sudden change on the shock spectrum, the phenomenon that products aren’t
damaged by even higher acceleration than the critical acceleration may occur.

Keywords . Package, Transportation, Cushioning design, Shock, Mechanical-shock fragility, Non-
linear model, Stack, Product
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Table 1 Transmissibility of shock pulse

Cause of damage Shock load Acceleration
Shock pulse Rectangular Half-sine Rectangular Half-sine
Model-O 0.5< Ty f, T, £,=0.85(Peak) 0.5< Ty f, T, £=0.85(Peak)
(Linear) Tr=2.0 Tr=1.75 Tr=2.0 Tr=1.75
Model-A 0.8< Ty f, <(10) Ty f=1.4(Peak) 0.6<T,*£,<(10) Ty f=1.2(Peak)
(Linear) Tr=2.0 Tr=1.7 Tr=2.2~2.7 Tr=2.1
(Lower mass) (Lower mass) (Upper mass) (Upper mass)
0.6<Ty £.<2.0
0.8< Tyf, <1.8 Ty f,=1.2(Peak) | Tr=2.3(Upper mass) | T,y f=0.75(Peak)
Model-2P Tr=1.9(Lower mass) Tr=1.65 2.1<T, £,<6.0 Tr=2.1
(Non-linear) 2.1< T, £, <(10) (Lower mass) Tr=2.7(Lower mass) (Upper mass)

Tr=2.2(Lower mass)

6.1<T,*£,<(10)

Tr=2.7(Lower mass)
1.4< Ty £ <3.8 1.0< T, £, <2.8
Tr=1.9 (T-1) Ty £=2.3(Peak) | Tr=2.4~2.5 (No.3,4) 1.0<T,"£.<(10)
Model-4P 4.0< T, £, <6.5 Tr=1.6 (T-1) 4.0< Ty £, <5.7 =2.1 (No.4)
(Non-linear) Tr=2.1 (T-1) Tr=3.3~3.4 (No.2,3,4)
6.8< T, £, <(10) 6.9< T, £, <(10)
Tr=2.4 (T-1) Tr=5.1 (No.1)
Table 2 Position of the damaged product
Cause of damage Shock load Acceleration
Shock pulse Rectangular Half-sine Rectangular Half-sine
Model-A Lower mass Lower mass Upper mass Upper mass
(Linear)
Model-2P Lower mass Lower mass | It depends on shock pulse. Upper mass
(Non-linear)
Model-4P Lower mass Lower mass | It depends on shock pulse. Upper mass
(Non-linear) (T-1) (T-1 (No.4)
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Table 3 Characteristics of damage boundary curve

Cause of damage Shock load Acceleration
Shock pulse Rectangular Half-sine Rectangular Half-sine
Model-A A, is nearly | A, varies to about | A, variestoabout | A, varies to about
(Linear) constant. 1.6 times 1.2 times 1.85 times
magnitude of the magnitude of the magnitude of the
minimum. minimum. minimum.
Evaluation (A) (B) (B) (B)
Model-2P Fluctuation of A is | A, variesto about | Fluctuation of A is | A, varies to about
(Non-linear) staged and about 1.85 times staged and about 5 1.75 times
13% of A, . magnitude of the ~10% of A, . magnitude of the
minimum. minimum.
Evaluation (B) (B) (B™) (B)
Model-4P Fluctuation of A, is | A, varies to about | A varies to abouta | A, is nearly
(Non-linear) staged and about 1.5 times half of the constant.
10% of A, . magnitude of the maximum.
minimum.
Evaluation (B) (B) (B™) (X)
<Evaluation>

(A) It is possible to evaluate the fragility of products by usual shock test.

(B) A, varies with AV,

(*) Since A, decrease monotonously with increasing AV, it is possible to evaluate the fragility of products by
fixing the velocity change to an adequate value.

(*) Since A, is not unique at a certain AV, it is necessary to start the test from a sufficient low acceleration and to
set the increment of the acceleration to be small sufficiently in evaluating the fragility of products.

(X) A, remains constant. But it may be dangerous to evaluate the fragility of products by this half-sine shock pulse

because this A, is larger than A, that is evaluated by rectangular shock pulse.

Db, KIERHETFVO R L) BEE
FICBEREA SN BHOHEBLE*RHL T
WhZENRbhrsb,

Fig. 3IIRT L HIC, AREHE L AD
TEHBHMPREVIGEE. 2R, 3 ROE—7H
RBETL, TRHEDOE—21F1R, 2kDE
—JOEE LR A28, ROL ) BRENE
BT %, 2RE—IDPBEETHERMTKRTY
HEENSNADEE. IWEEORKMEIT 1R
Y- D25, —hH, BE OV AOEH
BHEsEhID P LE RSB L, 2Kk
IWIRE=2 L) SRERELE R D120,
DB DR KEP BB KT 5, 5.1TH
MDD, ZORFHPERE %2 - T, &
BARY M, EEBRFMESREERRICZ 5,

—H, Fig. 4 \IRT L9 12, ERFHEE

2000

[ Ag=490(m/s?) 1

To=40(ms) | o,

1500

1000

500

Shock load (N)

-500

-10 0 10 20 30
Time (ms)
Fig.3 Shock response of Model-4P by

rectangular shock pulse

40 50 60

DOFOBRRIREE (B 3 L 85 4 BICHTEDS
0L %22BELDE) PRBENLTHWE, &



BB DIEGHEE TN L B R &

INIVABATIEND &, FOVERERRIZK X Fig. 8 M) OFAEMEE I/ E { & LM
AL DI ERPRET B Db Pdbd, THEAIVADRFRETH IEE

%, FHRTOIEL THET HEANTH 5,
4.1.2 B INY MLRUEBBERER
TOEROEMIIEERRESR (Fig. 5, o Model-2P (3-4)
. o . + Model-2P (2-3)
=R B %
Fig. 6 ) 13 K& <, BESEFIMK (Fig. 7, 2 [ . Model-2P (1-2)
1.8 ——Model-2P (T-1)
900 - _—Model-0
800 ki 1.6
700 § 1.4
2 | P\ T,
. 600 < 121 F N\,
Z 500 , 5 | e,
2 Ay=490(m/s") Eog |l & 0 Thwe e
2 400 T,=40(ms) g
5 o E 06
g 300 g Y
& a
200 =04 lly Ty
0 0t
100 0 2 4 6 8
10 0 10 20 30 40 SO 60 Duration of shock pulsexNatural frequency
Time (ms ) Fig.6 Shock spectrum of Model-2P by half-
Fig.4 Shock response of Model-4P by sine shock pulse
half-sine shock pulse
—- Model-4P (3-4) Allowable load of product is 520N
3 + Model-4P (2-3) 1000 ‘
- Model-4P (1-2) 500 -0~ Model-4P (3-4)
~—Model-4P (T-1) | ' ——Model-4P (2-3)
g 25 — Model-0 = 800 ~ Model-4P (1-2)
S —o— - -
% 700 ) *— Model-4P (T-1)
e 4 " — Model-O
5 E 600 .
5 = oI
o £ 500 »
= g :
£ 2 4
= < 400
2 8
g i
= 200 | -8 . -
AR OO MM R
100
0
0 2 4 6 8 0 5 10 15
Duration of shock pulsexNatural frequency Velocity Change ( m/s )
Fig.5 Shock spectrum of Model-4P by Fig.7 Damage boundary curve of Model-4P by
rectangular shock pulse rectangular shock pulse



AAREUFEFRE Vol 9 No. 1

~a-Model-4P (3-4)
1400 ‘ —— Model-4P (2-3)
! 'l —+— Model-4P (1-2)
1200 | Bl o Modet-4p (1-1) "N
~—Model-O
.~ 1000 1
©» 1
< 3
- 800 3
=
8
5 600
-5
3
< 400
200
‘ Allowable load of product is 520N
0
0 3 10 15

Velocity Change ( m/s )

Fig.8 Damage boundary curve of Model-4P
by half-sine shock pulse

$7e. RISV AB L OB, (R
ERITREBAR I HBREIN L. RPA DR 13 R
EARICHARMLT 2 (Fig. 7 81) WnA
£ %, BARR 2 B85 ERIT Table 11271
LeBNTHA,

4.2 L -IEEIC L 28

Bl AL, HERICIEE IR T WERS A
THHEBIEE VAR AN ENLIEE. &
BWETIEIZ C, BRCESNDLIEED
IO E R L ENEEALTHD, &
T, EEA SN BMES NS IE
BEROEHEARS MV, EEREFHRKZ L0
EFT R IOV TR S,

2 D DIEIE 7 ) Model-2P & U Model -
4P ABEIL 728 2 A, ANV AN
BOSE, HEANRY MV R OEGEE R
WHLGEE RS b7z, T2 Tid, Model-
2PIZDWT S BUERTKE RO 7 7 7 %R L .

(2000)

FOEBICONWTHEREZ EI2T 5,
4.2.1 HEIEE (MNEE)

I EEE SV A AT Model-4P IZ AT L 72
BB E X Fig. 9 12RT L5112, FFEL
BHTWDHDO Y- PEEL TS, 2
NLEEHOYE — 7 IZHEARY bV KT
ER MR E 2 2 ERERNTH 5,
ZOZEIZDoWTIE, 5. EETHL HM
15,

2500
2000
1500
1000

500

Acceleration (m/sz)

<10 0 10 20 30 40 50 60
Time ( ms)
Fig.9 Shock response of Model-4P by
rectangular shock pulse

EFE R A OV 24 Model-4P 12 AT L
72356, Fig, 10 R T L) ICEHERMEDY
&L ERR, ATV A DFEHEFEICKE <K
LRI EE»FET 5,

4.2.2 BEINY ML RUBEIER IR

FREERIZ, Table 1IZ/RLZEBYH T
Hb, INLY, AEEEEFIL, Model-
2P, Model-4P & 312 Model-O £ W b K& %
BERbIehbdrb, ANV ADHTHE
DG, WBIZEE (Fig. 11, Fig. 12 )
2. BEERIRT, 1Tk ACERICENT S, 2

— 39_



HEDIMIGT TN L 2 HBH S

700 6
—-0- Model-4P (4)
600 e 5 | .~ Model-4P (3) p———————d
Q i
500 = —— Model-4P (2) ’
o~ 400 %‘S . —+—Model-4P (1) i j
d 3 g
E 300 ]
= B
.2 200 >3
8 =
2 100 )
Q 172}
g Z 2
< 0 g
[=]
-100 Ag=490(m/s’) & 4
-200 Ty=40(ms)
-300 0
<10 0 10 20 30 40 50 60 0 2 4 6 8 10
Time (ms ) Duration of shock pulsexNatural frequency
Fig.10 Shock response of Model-4P by
half-sine shock pulse Fig.12 Shock spectrum of Model-4P by
rectangular shock pulse
35
1400
g 3 1200 —s— Model-2P (Upper mass)
d 25 ~—0— Model-2P (Lower mass)
Q .
i) y = Model-O
§ f T N: 1000 _
) 2 f E Allowable acceleration of
> ~ 800 2
= = product is 980m/s”.
E 1.5 S
2 5 600
5 1 —— Model-2P (Upper mass) § E/'“
& ~o- Model-2P (Lower mass) < 400 s
0.5 —Model-0
200
0
0 2 4 6 8 10 0
Duration of shock pulsexNatural frequency 0 5 10 15
Velocity Change ( m/s )

Fig.11 Shock spectrum of Model-2P by

rectangular shock pulse Fig.13 Damage boundary curve of Model-2P
by rectangular shock pulse

izt L CHEBER M (Fig. 13, Fig. 14

SH) 13, BERIRICEFERBLT2EA»H L, BT A, TN 51 Model-2P, Model-4P
¥/, Fig. l1~14 OB TFEOBMIZEH B L THEET 2EATH 5,

T 5 &, BmELERRIEEE R MRS —7. Fig. 15, Fig. 16 CR 6N B L 92,

WL (FhZnEimkRy) 324858 ANV ADNIEZFEOE A, Model-2P,

BooNnb, 0D, BEEEMNKELL R Model-4P 13 & b IZRKEHBEMEEEH 2.1 L

&, ETEROBMA, FROEGLIY % [ LA 2%, ZO#HITRZ D, Model-



AXEREFEZE Vol 9 No.l1 (2000

Allowable acceleration of product is 980m/s’
1400 mtt ‘
IY l —- Model-4P (4)
1200 —— Model-4P (3)
/ l —— Model-4P (2)
AR i ——Model-4P (1)
E — Model-O
— 800 \ —— :
=
9 ssecensace
2 |/ G
S i
< 400
200
0
0 5 10 15

Velocity Change ( m/s )

Fig.14 Damage boundary curve of Model-4P
by rectangular shock pulse

25
g 2 =y
g £,
3 f
g [ .
g 1.5 I A,‘,“"“
2 l ‘h.up“_‘_ . akkkd
2 1 t
%
2 y
Z . —— Model-2P (Upper mass)
[E’ 0.5 —0— Model-2P (Lower mass) |-
— Model-O
0
0 1 2 3 4

Duration of shock pulsexNatural frequency

Fig.15 Shock spectrum of Model-2P by half-
sine shock pulse

2P Tl Model-O L FkIZH 5 —FH (To L
=0.75) THELERNEKL 5D L,
Model-4P TI3/L&F (1.0 < To-f) THRK
Bensd, F7o, BEEFMRD Ftk, #E

2.5

15

- -0~ Model-4P (4)
—— Model-4P (3)
-+ Model-4P (2)

" ——Model-4P (1)

— Model-O

Transmissibility of acceleration

0 2 4 6 8 10
Duration of shock pulsexNatural frequency

Fig.16 Shock spectrum of Model-4P by
half-sine shock pulse

1400 ‘ —
.| ——Model-2P (Upper mass)
1200 o Model-2P (Lower mass)
Model-O
S~ 1000
v ‘
: |1
— 800 ﬁ
g
£ I |
& 600 1
g 5
< 400
Allowable acceleration of
200 product is 980m/s”.
o :
0 5 10 15 20

Velocity change ( m/s )

Fig.17 Damage boundary curve of Model-2P
by half-sine shock pulse

TALD S ARREKR X IT UL, Model-4P DFF
BMEEIZ—EDMEE 25 (Fig. 18 BH8),

L7 L. Model-2P TlZ—E & % 5 %\ (Fig.
1788, ZoZrs, BEASNLIERK
ML ahiuE, ATV AHEZFETH -
THHFEMEREIZ—EDE L 2 HEHMD D 5



BB DIARIGE TN L 5 E8w 8

-o- Model-4P (4)

1400 —— Model-4P (3)
1200 |~ Model-4P (2)
; ~e~ Model-4P (1)
aa — Model-O
~ 1000 [ -
2 ,
— 800
=1
8
5 600
53
3
< 400
Allowable acceleration of product is
200 980m/s>
0
0 5 10 15

Velocity Change ( m/s )

Fig.18 Damage boundary curve of Model-4P
by half-sine shock pulse

eI NG,

5. E%&

5.1 BEBOE— LRI MILVORRE
Fig. 19(a) D X 9 KInBHIZEEOE — ~
BHEAETABEIIOVWTEL L, ABEEE
K TId, Fig. 3 XU Fig. 9 AT IS AH Y
T5
AN ADHIHE OB A, % OV
* Tol35E, BERIXME [0,To] 2B1F5

IBEEORIRE, TEHERB A Z R ERE L %
S>THEAL v, T, B T, I
AT ENHEEIBEIH - BRI HE
*RIZERVDTH D,

DD, TRE=IHPEELT, kD2
RYE =2 084S B ETOBMOHRLERIL
—EE B b, AR, 2RE—22%EL T,
RDIZRE =7 WET S TOMOBEL
ERLFE b, I, HEA~Y ML
A% Fig. 19 (b) ® & 5 2R BRI BRSNS 2
AANZALTH D, EBE Model-2P, Model-
AP O BT EE L 2T IS (
BAE (Fig. 388 ROMEE (Fig. 9%
) 12iE, O -2 HEELTEY,
NS OEBE AN FVIT Fig. 5 R U Fig.
12 TR L7z &) IR R H AT %,

5.2 EBIANY PV ERBERHBOME

FRBEEENSLVZAOEHBEAY LS
Fig. 19(b) D X ) IZFEEIRIZ %2 o TV B 556,
FOEEERIEIL, Fig. 19(c) D X 9 %H2
Kz b, CORHIROXNLHFETE L,

Ay = a.r/Tr; (1)
Avci = Aci.TO = HCTO/Tri (2)

CIT, WATIERBRIZBTILIRDODY

(a) Shock response

(b) Shock spectrum

3d Tr ATfe A
; — e 3id
tiond f: X
1st : . 1Ty
; E S0
; 1T ©
T T> Ts Tifc Tafc Tifc AV

(c) Damage boundary curve

Fig.19 The influence of multiple peaks of shock response on the shock
spectrum and the damage boundary curve



ka7

-7 %REKL,
ELTWw3
%K‘@$XA7FWf® LS
Wb 2 M

((Te—=AT) ., Try), ((To—AT)f..Try)
IZOoWTE 25, ShbDpzxx (1) KUK
(2) % Fl v CHE B SR b T o IC R B

WATF c IZOEBOFHFHEE

A APNE

T5 L,

((Ty—AT)a/Try,a./Try),

(Tya./Try.a./Try) (3)
Eh b,

Fig. 19(b I#@ 5y (B BLERIE

ﬂCLTV\éiB BIEFICE VB AT

f@ﬁmfééogbf AT=0 AL T &,

HB LY, COREOESIZ. HEBERM
Wik, Bz @abER EoZIcE Sz
SNb, METAHE. FEEBREAT ORI
XN 1/ (To— AT) 756 /Ty ~NEILT 5,
SO E, T LTAT M+ /&
i, 1/ (Ty—AT)=1/Ty TH A, LLEoD
ZEps, BIEERMHRIE Fig. 19(c) D L9
RIEKE 25,

K2, Fig. 20@) D L H 2K RAFT 51
BARS PVIZDOWTER S, ARUERIER
BT, Fig. 120(1) (B FEOREM) 12—
HIAUCHY T HIRESFET S, 51
BIERY (2B L. Model-A OB BATE 2D
WTOFEARY bL (HTHRY Fig. 4 B8)
&Uﬁ%ME&uowf®%§X&7bw
(AR Fig. 8 &88) oItz FEEEERIC
MG 3 5 EAFR L7,

FAR L EERICE R, HBARY ML EDOZE
i otsn, Y-, #lbExFnEh
(Tlfc-Tl‘l), (Tpfc,Tl’P) v(TzfuTI‘z> E¥ 5

T Vol 9 No. 1

Tr

(2000)

o
[ < 1/T2
Ti-fc Tofe AV

(a) Shock spectrum  (b) Damage boundary curve

Fig.20 The relationship between the shock spectrum and
the damage boundary curve

KM EX@ZHNT, NSO EPHILT
BIEGERME LD S OEEY kDB &,
nehn

(T1a/Tri.a./Try), (Tpa./Trp.a./Trp),
(Toa./Trz,a./Tr2) &k 5b,

INEDKE LR EFEATEROMEE L
FNERL/T,, /Ty, /T THI,
Ti<Tp<To &V, UT\>UTp>1/Ty £ 5,
K502, Trp 25 Tr Trs D WS IKE
W ENDS, Fig. 20(a) D &) REEANRY
KV EoZeieid, Fig. 20(b) D & 9 RILOIE
B IICER SN D,

CIT. FEELZTE RS a2
D& ) ICHEEERMAEAILIL TV )
(Bl 2 1L, Fig. 19(c), Fig. 20 (b) ) T,
AR & SE S 2 ek SRR A AT O W
AL IDEEAE C THHIEE T, IREE T
A EBILCL T ) S EET 5]
REtEdid B L) Z & TH B, Fig. 19(c) &
N Fig. 20b) IZ5t#E s N TV B ORI XIEZ
NENBGEDPHIB L 2o 722 & RO L
2l ERLTW A,

5.3 QWO HORAEERR S HBGE
(RET H2EEZEL)

Table 3IZ/R L2 & 912, HEME TR

77434



HEDIRIEET NI L 5 HEE &

IR T B A. Model-A 12D W TidE%E
DOREFFETdH 5L I E B & % 37
THIENTESL (A), T2, MEETH
AEEIRT A ¥A . Model-4P O FEMMEE
T IEEEE R OV 2 VTRl 5 L&
ELEIESNS (X),

Lo L, ShDANOBEE. FEIERENS,
BTETHIRERILICL > TBELTLES
B, REET 5 & XORBEEALE S Hh
THEL., BREDDH 2 BT EIISET S
VERH L, BEO NS REBHFFETIX, EHE
Plbx FERBEELD 1.6 fELLEICRET S
EACRESTVBETTHY, 2kE—2

BRI ARBIERBIN TR, 22T,

FOUEBERD—DOERET 5,

T3, MREREEOME T LEEY — 3
SER @A) (JIS Z 0200-1994) k5 (%
THEOETES), HARKRTOETH S
R ERBEZICL T, WRREIC R o oS
ETEmEHERDD, RIZ, BmEE. FH
T LREM % EOFEMD O RER e x HIE
NIRHEET B, Bl 2L, B — VESEEM O
LB ONE R b DIR/NERIBICFRE
L. BATIAF v 20X )5 %ETH
WHIHEIIREDICHET S, 7L, &
Chrownald, PRz s L)
We=1t%5%, SROEOEDS, HEARE
THRET ARANEEERIE, XA TKT %,

AV = 2gH- (1+e)

Model-2P. Model-4P 12 H IR EE SV A
X ANIL7%E, B ERWE, EEL
b5 TR 2 BAT S IERRIROH
BIEEIIBEFRDT L, 200, REL
TRERAL L ) b/ e EER L OB

HoTh, ¥l L 7-FEMEELT Tldm
MR T A 2 ik v,

F /o, IERPEEE OV AL BEBER
MR & 0 b HTRREEE OV 22 L BIEEER
RO F P HFENREIRNMEL 2o T 5,
PEoZ ehs, TN6DETFTIIIIL TIE,
BELHECTTHREMIEHMT 5 2 &8
T&5%,

5.4 QERHO-HOMNATER AR Z
(AF/NIZOMEEDOMBERVES)
5.2 THRR7-HEHHERIE, IS RbDEE
5 & Model-2P, Model-4P 1= F5 i 87 %
VAR L 5E, BaOBER KA
BWE, MEEOLLLDOBAETOREETS
HEThb, FiZ. Model-4P O E FEDOHL
S DWW T ZOMEIARVEEF ICRD S,
WEEILD 8m/s LLETH 2 L MEEHH
200 m/s* TR FEROBEGIHEELTLED
WA eb 63, Bz, EEERL 10m/s,
DIGEBE 550 m/s? Tld i FERORMIIBEIE L
v, BRASN-EHEHZBIIOVTATD,
HEZAL 8 m/s, MIFREE 280 m/s” T3 B R
AINTVAEDHBOBEL v,
DL S, BEA SN
POTORETIE R, HEARY PIVIZEH
REAHFRANDL TRToORE BIIX, HE
WEE VAL 2HBILET 2R, 3RO
V— 7 HRAET B8 1ZDWTHET 5[
BThb, ZOWEHRRIZL-> T, FEIME
Ex @AM L 2w zoicid, FavhE s
REDSHBRE IO, MEEDOWE T % 5712
INELLTHRBEYED T LEND S,



HEAERFRGFE

6. #EER

BRASNZ-BGERLIZFEREET LV
(Model-2P B UF Model-4P) D EBILE % #
BT 52 L& - T, HRIERR VIR
BERMBMOBEAIZ L 23R, BB K
BRlC B AMESA R HS 2T LI LN
T&7, T/, BBHELCOVWTORE LT
572, oM ELKmIILTO®REY TH D,
(1) HRWECHRLVSHET 256, BT
TN TOFTRER L ERRIC, ERE ) TED
MO VBIR L 5 ET S 5,

/0 AT OV ADSIERG T, I

LY BMAHIRT 26, WEETVTOH
FrisR L FikIC, TERL Y EEOES O
R LS WEEzSH D, L2, ANV A
BHEREOT &, WIRT 2 BAOE (B
ERFETEY. ZOMEHBEBCINEREIC L -
TET B L bh oz,
(2) Model-2P, Model-4P |2 Ik EH B <L
Ax AT H L, G (EHBAE, INEE
EBIT) WX2R, 3ROE—IPREET 5,
FD0, FHEANRY N VOBEEmER IR
BaRzmL . BERAHEORFEMEE X
BRI T 5 2 &b o7,
(3) HREEE OV A & VT, Model-2P,
Model-4P DFFENERE 2 KD BB, BT T
BREECDMEIZ L > THES N B FREINEE
PEALT 5, o0, HEOREBLEDE (IS
Z 0119-1994) T3 +ouBHEIHEO L
WITREED D B, 2T, B BRTORY
O T S RO TR0 BCERE A 5HI
NIdHEET A LIl & b, AEORBREIC
B LR LR RE L, SRR IR % e
THIEERET 5,

Vol. 9 No. 1

(2000)

(4) BEARZ PUDPBBICELT 2R,
Bl 22, IWERICEROY — 7 P RET R
SROEEGR X F M A, ROSICEEL
RITNIE RS v, BRESNTEEELLD
EIZ & o Td. &5 EVIIERE Tl B in K
HLZWIZb220bo3, ZR LD WD
RETHEPSHELTLE ) &v o) HimBg
PWHEND, FO0720, FHEIEE % RO 8,
TR IR 2 & B % 1ho . I %
LI T T e FEE L 2 LEND
%,

AHEFEIE, IS B A L THllE S 1,
RIELER L 2oD0H 5 BT 120 O B nE
Boh X BRI B B R & BUE AT IS
FoTHEILEZDDTH B, BERITONE
. AF—VEPEEA S NIREESEIC
LTCHRDEEIEFTVLORIZE EDTWVEDS,
ERIDE L EHB’ANRY bV R UTEE3E R
DEARIZOVTOERELZO T, JHED ]IS
KEE S ECTORMESIH IR EREEZ
SEND, A%, BRBOFEER S IZOWVTER
rEDIRARIToTwEZY,

ERR=F

m: HBROHEE

k: EEoIThER

To & IV A DA R
Ao OV A DR KINEE
AV : BEI OV A OEEEL
f.: 1 BHEIITREEROEFIRE
Tr: HR(ZEE

AV, . FEREE

A, FFRINEREE

a. . BERBEAKTORAIERE
H: #ffiE TE s



B DIERIGE TN & 5 B85 X

e ! ERH
g . EHNEE

Sl -V E RN L OMICEET
5ﬁ§%ﬁ¢ (Model-4P DI A)

RS LR EOBICEETAWEY

mTo (Model-4P D3 &)
No.i, #ini: F25iEkHOBMERT,
(Model-4P D4

< 5|8 >

1) BHFE, B¥EH, BEHOERT N
K7 o7 HEREEMEAKRE, p. 511
(1969)

2) IR, Br LRSS, FREEE. SHA
F. HAREWS S LECH. 59 (58),
624 (1993)

3) HUBkER. FREE. SEAkX, LR

5t HAREFRE.
FIGHERE, FREE.
5. BARCUEFERRE,
FIGEERE, SFRRE.
S, AAREHEERRE,
FIGEERE, FRER.
5t AAREUEFERRE,
R. E.

2(2), 85(1993)
EHAS, ¥ ER
3(3), 141(1994)
mHEAK, LR
4(2), 104(1995)
EHEAK, BFER
4(4), 274(1995)
Newton, ‘Fragility assessment,
theory and test procedure’. MTS Systems
Corp. Report 160. 06, (1976)
Gary ]. Burgess, Packaging Technology
and Science, 1(1), 5-10(1988)
HIBRERS, FTEEREZ. ARMEE, FEE
. HAQEFRE, 8(3), 123(1999)
(EFasAt 1999 4 4 H 26 H)
(FAZH 19994 9 A 30 H)



	 0001
	 0002
	 0003
	 0004
	 0005
	 0006
	 0007
	 0008
	 0009
	 0010
	 0011
	 0012
	 0013
	 0014

